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Definitions

GENESIS:  GENeral Earth Science Investigation Suite

— A REASoN project now in its 3rd year.

SciFlo:  The workflow execution engine that makes it

all work

Earth Information Exchange:  The ESIP

Federation’s new Earth Science Information portal
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The Vision of Earth System Science

Characterize
Earth’s varied
behavior

Understand
the Earth as an
integrated system

Predict
Earth’s response
to complex forcings
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Earth Science IT Challenges

Carbon CycleCoping with diverse Earth science data sets:

Locating the right products (Data Discovery)

Selecting:  browse, query, subset, customize…

Retrieving large data volumes swiftly

Fusing diverse, incommensurate products

Visualizing massive multidimensional data

Discovering knowledge:  Summarize/Analyze/Mine/…

Sample research scenario Today:  Multi-year effort

for a modest, cross-instrument study
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A Sketch of the GENESIS Vision





Please Begin



The EiE Earth Measurement Set
EiE



Operators
EiE
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Loosely-coupled distributed computing
using SOAP services

Exposing scientific analysis operators as
SOAP web services

Specifying a processing stream as an
XML document

Dataflow engine for a parallel execution
and load balancing

Visual point-and-click programming

Five Core Ideas
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Integrated space/time query and access for

AIRS, MODIS, MISR and GPS-RO data

General Example

AIRS MODIS

MISR

GPS Radio Occultation



Rolling Out GENESIS in the Earth Information Exchange

Yunck et al., 06/27/06  

12

Geolocation Plot for GPS, AIRS, MODIS

Try this SciFlo at http://sciflo.jpl.nasa.gov 
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Carbon Cycle

GeoRegionQuery for GPS, AIRS, MODIS

GeoRegionQuery

GPS

GeoRegionQuery

AIRS

GeoRegionQuery

MODIS Terra

GeoRegionQuery

MODIS Aqua

FindDataById

GPS

FindDataById

AIRS

FindDataById

MODIS Terra

FindDataById

MODIS Aqua

OpenDAP URL’s

GPS

OpenDAP URL’s

AIRS

OpenDAP URL’s

MODIS Terra

OpenDAP URL’s

MODIS Aqua

Plot Data

Locations
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The Current GENESIS/SciFlo Interface

Interface: HTML
web form auto-
generated from XML
dataflow doc.

Input:  User enters
start/end time and
other co-registration
criteria.

Flow Execution:
Calls 4 SOAP data
query services and
15 operators on 4
computers.
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AIRS/GPS Co-registration:  Point-to-Swath

AIRS Level-2

Swaths over Pacific

GPS Level-2

Profile Locations
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AIRS/GPS Matchups
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AIRS/GPS Temperature & Moisture Comparisons
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AIRS / GPS-RO / ECMWF Temperature Comparisons

Sample Comparison Statistics

Mean Difference RMS Difference
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AIRS Footprint MODIS 1 km Footprint

Want to match here

Do not want to match here

The AIRS field of view lacks

overlap and increases with

scan angle, requiring careful

matching to MODIS

footprints for consistent

comparisons between

retrievals from the two

instruments.

Example 3:  AIRS/MODIS Matchups
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MODIS Level 2 to
AIRS Level 1B2

Footprint Matchup

AIRS
Granule

Detail

Cloud

AIRS/MODIS Matchups (cont.)
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AIRS
Day/Night

Combined

MODIS
Day/Night

Combined

Bias

Day/Night

Combined

% Difference

Day/ Night

Combined

AIRS-MODIS Bias (mm) AIRS-MODIS Percent Difference

Total Precipitable Water (mm)

AIRS/MODIS Moisture (TPW) Comparisons
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AIRS/MODIS Moisture
Comparisons

MODIS vs. AIRS Total Column

Water Vapor Density (Day)

Point Density
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MODIS vs. AIRS Total Column

Water Vapor Density (Night)
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Flexible Distributed Computing with GENESIS/SciFlo

• Move data to the operators – Move entire AIRS granules from the

Goddard DAAC to a local SciFlo server at JPL.  Compare AIRS to

GPS locally.

• Move operators to the data – Move the comparison operators and

the flow execution into a SciFlo server that has local access to the

large AIRS granule archive.

• Custom parameter subsetting – Subset the AIRS granules at the

DAAC using a custom subsetting operator to generate tailored

granules.  Transfer the smaller files to a local SciFlo server.

• On-demand OpenDAP Slicing – Leave the AIRS granules in the

Goddard Data Pool and perform the comparison at JPL.  Using

OpenDAP, only grab the handful of variables (temp, water vapor,

etc.) from each granule that are needed for the comparison.



Earth Information on the Global Grid

The

Science • Applications • Decision Support
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NASA, NOAA & USGS
Member Data Centers

Federation Member Research
Universities and Labs

Federation Member Application
Developers

Federation Member
Technology Products
Developers

Federation Member
Educational Products
Developers

Non-Member Data and Product
Suppliers

Science-based Data, Tools
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The EIE will initially be hosted by Geospatial One-Stop
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Atmospheric Chem
Carbon Cycle
Climate Change
Earth System Sci.
Earth-Sun System   
Ecosystems
Energy Cycle
Natural Hazards
Solid Earth
Water Cycle
Weather

Data Products

All Earth Data Prods.
NOAA Data Products
NASA Earth Products
USGS Data Products
DOE Data Products
EPA Data Products
Forestry Data Prods.
NSF Earth Products

• • •

Education

Adult Ed Prods & Serv
College Prods & Serv’s
Curriculum Developm’t
DLESE
Graduate Prods & Serv
K-12 Prods & Services
Media Services
Museums
• • •

Data Discovery
Data Fusion
Data Mining
Data Compression
Statistical Analysis
Visualization
• • •

The EIE will initially be hosted by Geospatial One-Stop

USGEO Societal
Benefit Areas

Disaster Management
Ecological Forecasting
Energy Management
Global Climate Change
Ocean Monitor & Protect
Environ. & Public Health
Sustainable Agriculture,
   Forestry; Land Mgt
Water Management
Weather Forecasting

NASA Science
Focus Areas

NASA Applications of
National Priority

Air Quality Managem’t
Agricultural Efficiency
Aviation
Coastal Management
Disaster Management
Eco-Forecasting
Energy Management
Homeland Security
Invasive Species
Public Health
Water Management

Analysis and
Decision Tools
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DataData CPUCPU

Entering the Global Computing Space

On-Demand Service Chaining

StorageStorage

Scientist

NetworksNetworksAlgorithmsAlgorithmsPortalPortal

EiE

EiE

EiE

EiE
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Come see a demonstration of Grid-based

service chaining at the ESIP Federation

Summer Meeting at Lamont-Doherty,

Palisades, New York

July 19-21

Or write to Tom Yunck at:  tpy@jpl.nasa.gov
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Summary:  Directions and Themes

Decentralized multiscale computing as a utility

Peer-to-peer discovery, distribution, services

Ubiquitous machine-machine communications

Distributed control by XML messaging

Semantic information representation

Integrated modeling environments

Visual workflow programming

High-performance computing

Standards Standards Standards



Rolling Out GENESIS in the Earth Information Exchange

Yunck et al., 06/27/06  

32

DecentralizationDecentralization

  The Global GridThe Global Grid

  Peer-to-PeerPeer-to-Peer

  Machine-to-machineMachine-to-machine

  Automated workflowsAutomated workflows

  Distributed executionDistributed execution

  Dynamic load balancingDynamic load balancing

  Grid web servicesGrid web services

  Multi-scale integrationMulti-scale integration

  Plug-and-play softwarePlug-and-play software

Guiding Themes
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Data DiscoveryData Discovery……

Current:

ECHO, GCMD, FIND, EDG, SRB, UDDI, …

Integrated archives:  EOS-Webster (UNH), GLCF (UMD), TRFIC (Mich

State), GHRC (Huntsville), and many others

Co-op and commercial services:  UNIDATA; Coop Climate

Rainfall Data Center (CSU); Earth Data Discovery Consortium

Emerging:

Persistent archives and logical namespaces

Proliferating peer-to-peer exchange networks

Content-based-search / Semantic Web: Semantic representation
of data enabling computers to understand web content.

Unidata Unidata THREDDS thematic data registriesTHREDDS thematic data registries
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Automated Workflow Control

“Invisible Hand” executive for loosely-coupled Grid:

intelligent autonomous grid agents

Dataflow documents, distributed execution engines

Visual flow programming:  drag’n’drop icons

Common semantic framework – Semantic Web

Automated parallelizing/workflow/resource allocation





The NASA Earth Measurement Set



Operators


